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UPDATES TO THE JULY 2009 VERSION 

 
Page 5, Paragraph 1:  “$52/Megawatt-Hour (MWh)” corrected to “$52/Kilowatt-Year” 
 
Page 11, Table 6: The previous version of this table was truncated in the July 2009 version.  This 

version contains the whole table. 
 
Page 18, Paragraph 1: “92% capacity factor” corrected to “65% capacity factor”.
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1. Renewable Resource Supply Data 
 
The following table provides a description of the various resources that E3 draws from to model 
renewable resource potential within California and around the Western Electricity Coordinating 
Council (WECC). 
 
Table 1. Description of Data Sources 

Data Source Description 

CPUC Energy 
Division Project 
Database (ED 

Database) 

The Energy Division maintains a database of renewable energy projects 
representing approximately 56 Terawatt- Hours (TWh) of electricity 
that the Investor-Owned Utilities (IOUs) have selected.1  The projects 
are in various stages of completion, ranging from projects under 
negotiation (i.e., short-listed for negotiating a contract by an IOU), to 
projects that are online. Incorporating short-listed projects distinguishes 
this study from prior analysis by enabling it to take advantage of 
information about commercial interest in specific new renewable 
projects. 

Renewable Energy 
Transmission 

Initiative (RETI) 

The RETI process developed a detailed and comprehensive database of 
renewable resource potential in California and neighboring states.2  The 
RETI analysis provides a stakeholder-vetted engineering assessment of 
renewable resources at the project level by location and technology 
type.  The RETI dataset relies on proxy projects that are based on 
expressed commercial interest, it does not include short-listed projects.  
In addition to renewable resource information, the RETI database 
categorizes clusters of renewable development into renewable resource 
zones, which are extremely valuable in the estimates of resource 
development and transmission need. 

GHG Calculator E3 developed a database of renewable resource potential throughout the 
WECC as part of its GHG modeling analysis for the California Public 
Utilities Commission (CPUC), the California Air Resources Board 
(ARB), and the Energy Commission.  The study team relied on the E3 
database for information on renewable resources outside of California.3 

Estimates of 
distributed 

renewable energy 
potential 

E3 developed new estimates of the technical potential to connect 
distributed renewable generation in California.  While the distributed 
solar photovoltaic potential estimates that were developed for this study 
are very high-level, they are useful for the purpose of testing the 
benefits and costs of distributed renewables relative to central station 
power plants to achieve a 33% RPS. 

 

                                                
1 The CPUC maintains a public version of this database at http://www.cpuc.ca.gov/renewables 
2 More information on the Renewable Energy Transmission Initiative process can be found here: 
http://www.energy.ca.gov/reti/documents/index.html 
3 E3 compiled this database from GIS data from the National Renewable Energy Laboratory, the Energy Information 
Administration , the Energy Commission, and the Western Governor’s Association.  More detailed information is 
available here: http://www.ethree.com/CPUC_GHG_Model.html 
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E3 takes the resource data for most California renewables from the RETI process, which 
performed a site-specific audit of renewable energy resources within the state.  This analysis 
provides measures of resource availability, cost, and performance at sites throughout California.  
E3 supplements the RETI resource assessments with project data from the CPUC Energy 
Division Project Database, which tracks the results of the IOU renewable solicitations.   
 
For those out-of-state areas that were not looked at in detail during the RETI process, E3 takes 
resource assessments from the work done in preparing the GHG Calculator.  Brief descriptions 
of E3’s method for determining resource potential for each of the different resource types are 
shown below. 

 
Wind: Wind resource availability is based on data from the National Renewable Energy 
Laboratory (NREL), which used Geographic Information Systems (GIS) data to estimate 
the total wind resource availability in the WECC.  However, in the 33% RPS 
Implementation Analysis, E3 updates the method for calculating feasible potential from 
the total potential identified by NREL.  Previously, NREL had filtered according to the 
ability of the local transmission system to accept more capacity, giving preference to the 
highest quality wind resources.  This resulted in the development of exclusively high 
quality wind, which E3 found implausible.  For the 33% RPS Implementation Analysis, 
E3 instead applies blanket exclusions to the NREL total wind potential estimates for each 
class in an attempt to better reflect the actual mix of wind resources that will be available 
for development in the future.  The table below shows the difference between the total 
NREL resource potential and the amounts resulting from the application of the two 
different filters (NREL Transmission Filtered Resource Potential and E3 Blanket 
Exclusion Resource Potential) for Wyoming.  Due to the lack of available information on 
Alberta wind potential, E3 assumes that Alberta has a wind portfolio identical to the 
closest zone for which data was available, Montana. 

 
Table 2.  Wyoming Wind Potential Under Different Filters (Megawatts [MW]) 

 
 

Biomass/Biogas: Biomass and biogas estimates in the US portion of the WECC are taken 
from a 2005 NREL report detailing the nationwide resource potential for biomass.4  This 
report provides information on the total theoretical potential available in the western US.  
E3 uses the ratio of theoretical potential to likely development calculated in the GHG 
model to adjust this total western US potential downward to a feasible potential estimate.  
Biomass resources in British Columbia (BC) are taken from information contained in the 

                                                
4 NREL, A Geographic Perspective on the Current Biomass Resource Availability in the United States, NREL/TP-
560-39181, December 2005. 
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RETI report, while the Biogas resource estimates are taken from the BC Hydro 2006 
Integrated Electricity Plan.5 
 
Geothermal: Geothermal resources in Nevada are estimated based on a 2004 study on 
geothermal resource potential in California and Nevada for the California Energy 
Commission,6 which details site-specific resource potential for 43 sites in Nevada.  The 
geothermal resource potential for the remainder of the western US is based on estimates 
from the Western Governor’s Association Clean and Diversified Energy Advisory 
Committee 2006 Geothermal Task for Report,7 while estimates for British Columbia are 
taken from the BC Hydro 2006 Integrated Electricity Plan.8 
 
Solar Thermal: Total resource potential for solar thermal (referred to in the CPUC GHG 
documentation as Concentrating Solar Power) is taken from an NREL GIS dataset9 that 
assigns a solar resource class between 1 and 5 to all land area in the WECC, screening 
out those areas such as federally protected lands and urban settings that would prevent 
development.  E3 assumes that only class 4 and 5 resources will be developed. 
 
Small Hydro:  Hydro potential for the western US is taken from the site-specific 
information contained in Renewable Fuels Module of the EIA’s 2007 Annual Energy 
Outlook.10  E3 excludes all locations with environmental characteristics that would 
reduce the likelihood of development, and those locations that would require the 
construction of new dams.  Small hydro potential in British Columbia is taken from a 
2007 study for BC Hydro11 looking at the run-of-river resources available for 
development.  Due to the lack of data, E3 assumes a resource potential of 100 MW of 
small hydro in Alberta to be consistent with the value used in the GHG Model.   

  
Distributed Renewables: E3 defines distributed renewables as those resources that can 
be interconnected to the California system without the need for system upgrades or 
additional backbone transmission lines.  The distributed zones in Tables 3, 4, and 5 
contain the distributed renewable projects.  These projects do not fall into any RETI-
identified or GHG Calculator identified resource zones because they are not 
geographically connected and do not need transmission.  They share similar 
characteristics that allowed them to be grouped together for computational simplicity. 
 
The distributed wind and geothermal projects are sites from the RETI analysis.  This 
dataset also includes two biomass projects that were qualified as distributed biomass.  
The remaining estimates for the potential amount of distributed biomass and biogas are 
based on discussions with stakeholders on the developable potential in California. 

                                                
5 BC Hydro, “2006 Integrated Electricity Plan (IEP)”, March 2006. http://www.bchydro.com/info/iep/iep8970.html. 
6 GeothermEx, Inc., “New Geothermal Site Identification and Qualification”, P500-04-051, prepared for CEC, April 
2004. 
7 Western Governors’ Association (WGA), Clean and Diversified Energy Initiative, “Geothermal Task Force 
Report,” January 2006. 
8 BC Hydro, “2006 Integrated Electricity Plan (IEP)”, March 2006. http://www.bchydro.com/info/iep/iep8970.html. 
9 For more information, see http://www.nrel.gov/csp/troughnet/solar_data.html 
10 http://www.eia.doe.gov/oiaf/archive/aeo07/assumption/renewable.html 
11 Kerr Wood Leidal, “Run-of-River Hydroelectric Resource Assessment 
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The distributed solar resources can be qualified as one of four types of solar photovoltaic 
(PV) installation: large roof urban PV (larger than 1/3 acre), small roof urban PV, rural 
ground mounted PV, or large remote ground mounted PV.  E3 developed an estimate of 
the total potential for each type in the service areas of the three large IOUs.  Large roof 
urban PV potential was developed with the help of Black and Veatch, based on GIS data 
identifying large roofs in urban areas with close proximity to distribution substations.  E3 
put an upper limit on large roof PV potential at 30% of the peak substation load,12 and 
assumed that 67% of that potential would actually be developed.  For substations with 
remaining capacity under the 30% cap after the large roof PV, E3 assumed that small roof 
PV would fill one-third of that remaining capacity.13  In rural areas where there were no 
large roofs, E3 capped ground mounted PV installations at 10% of the substation 
capacity.14  In remote areas, E3 assumed that ground mounted two-axis tracking PV 
installations could be developed above the 30% cap at the local substation level, but 
assigned a cost penalty of $52/Kilowatt-Year to reflect the transmission upgrades that 
would be associated with integrating this much capacity. 
 

The following tables show the total resource availability, by zone and resource, for each of the 
52 zones modeled in the analysis.   

                                                
12 Large Roof PV installations were capped at 30% to reflect compliance with Rule 21 under optimistic assumptions 
regarding the ability of substations to accept interconnections.  
13 For example, if the large roof PV installations in close proximity of a given substation amounted to 20% of the 
capacity of the substation assuming one third participation, small roof PV installations would be capped at 3.3% 
(33%/(30% - 20%)).   
14 Rural PV installations were capped at 10% of substation capacity to reflect compliance with Rule 21.  The limits 
for rural substations were lower because E3 expects that a rural substation will vary more, so its ability to accept 
interconnections will be reduced. 
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Table 3.  Resources by Type and Zone, MW 
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Table 4. Resources by Type and Zone, Gigawatt-hours (GWh) 
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2. Zone Definitions 
 
The zones that E3 examines in the 33% RPS Implementation Analysis come primarily from two 
sources: (1) RETI and (2) the GHG Calculator.  The RETI process identifies Competitive 
Renewable Energy Zones (CREZs) within California and Mexico, representing bundles of 
renewable resources that can serve as potential origins for large transmission lines carrying 
renewable energy to load centers.  In developing the GHG Calculator, E3 divides the Western 
Electricity Coordinating Council (WECC) into zones by geography and transmission system 
topology.  These “GHG Calculator zones” form the basis for the classification of resources 
outside of California. 
 
Table 5.  Resource Zones 
Resource Zone Name Description or Source 
Alberta GHG Calculator Zone 
Arizona – Southern Nevada GHG Calculator Zone 
Baja RETI CREZ 
Barstow RETI CREZ 
British Columbia Combination of RETI CREZ / GHG Calculator Zone 
Carrizo North RETI CREZ 
Carrizo South RETI CREZ 
Colorado GHG Calculator Zone 
Cuyama RETI CREZ 
Distributed Biogas Biogas resources from RETI and E3 that are assumed to be able 

to come online without substantial new transmission 
Distributed Biomass Biomass resources from RETI and E3 that are assumed to be 

able to come online without substantial new transmission 
Distributed CPUC Database Resources of all types from the Energy Division (ED) Database 

that are assumed to be able to come online without substantial 
new transmission 

Distributed Geothermal Geothermal resources from RETI and E3 that are assumed to be 
able to come online without substantial new transmission 

Distributed Solar Solar resources from RETI and E3 that are assumed to be able to 
come online without substantial new transmission 

Distributed Wind Wind resources from RETI and E3 that are assumed to be able to 
come online without substantial new transmission 

Fairmont RETI CREZ 
Imperial East RETI CREZ 
Imperial North RETI CREZ 
Imperial South RETI CREZ 
Inyokern RETI CREZ 
Iron Mountain RETI CREZ 
Kramer RETI CREZ 
Lassen North RETI CREZ 
Lassen South RETI CREZ 
Montana GHG Calculator Zone 
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Mountain Pass RETI CREZ 
Needles RETI CREZ 
NE Nevada GHG Calculator Zone 
New Mexico GHG Calculator Zone 
Northwest GHG Calculator Zone 
Not Assigned Resources listed in RETI Database that are a) not assigned to a 

specific geographic zone and b) assumed to require new 
transmission 

Owens Valley RETI CREZ 
Out-of-State Early Out-of-State resources from ED Database that are either under 

contract or short-listed and expected to come online in the near 
term 

Out-of-State Late Out-of-state resources from ED database that are either under 
contract or short-listed and expected to come online in the long 
term, plus 1,400 MW of additional out-of-state wind resources 
assumed to be available to California utilities 

Palm Springs RETI CREZ 
Pisgah RETI CREZ 
Remote DG RETI estimates of PV potential, modified for RPS Calculator 
Reno Area / Dixie Valley GHG Calculator Zone 
Riverside East RETI CREZ 
Round Mountain RETI CREZ 
San Bernardino – Baker RETI CREZ 
San Bernardino – Lucerne RETI CREZ 
San Diego North Central RETI CREZ 
San Diego South RETI CREZ 
Santa Barbara RETI CREZ 
Solano RETI CREZ 
South Central Nevada GHG Calculator Zone 
Tehachapi RETI CREZ 
Twentynine Palms RETI CREZ 
Utah – Southern Idaho GHG Calculator Zone 
Victorville RETI CREZ 
Wyoming GHG Calculator Zone 
 
The following map shows the approximate division of the non-California zones.  
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Figure 1. Map of Out-of-State Zones15 

 

3. Transmission Cost and Sizing Assumptions 
 
The 33% RPS Implementation Analysis looks at the relative values of fixed capacity 
transmission lines from the various zones.  The size of the transmission lines from each zone are 
determined by the total resource availability in that zone, up to a maximum of 3,000 MW.  The 
lines are modeled to originate at the center of the resource clusters in each zone16 and terminate 
at either the Tesla (near Tracy, CA) or Victorville substations, whichever one is closest.  These 
two substations were chosen because they represent transmission hubs in close proximity to 
major California load centers. 
 
With the exception of the line from British Columbia, which E3 models as a hybrid alternating 
current (AC) and direct current (DC) line, E3 assumes all lines to be AC lines.  The cost of these 
lines is estimated using a generic line costing model that accounts for both equipment 
(substations, towers, conductors, etc.) and right-of-way acquisition.17  The following table details 
the cost and size of the transmission line that E3 assumes from each zone, as well as the losses 
associated with that line. 
 

                                                
15 This map is a modified version of the one found in the GHG analysis, produced by E3. 
16 For example, the Wyoming line originates in eastern rather than central Wyoming due to the fact that most wind 
resources are located in the eastern part of the state. 
17 This transmission costing model was the same as that used for the GHG Calculator.  It can be found at 
http://www.ethree.com/GHG/Transmission_Line_Cost_2007-11-16.xls 
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Table 6. Transmission Lines 
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In zones where there is a relatively balanced mix of solar and wind resources, E3 allows 
overbuild of resources within that zone up to 20% of the transmission line size.  This overbuild 
reflects the fact that wind and solar resources typically generate at different times.  Thus, an area 
with more diversified resources (for example, see Pisgah, Lassen South, and British Columbia in 
the table above) can develop resources beyond the assumed capacity of the line from that zone.  
The overbuild assumed for each zone is shown in the third column in the table above, and 
reflected in the “Assumed Line Capacity”. 
 
 

4. Cost and Performance Assumptions  
 
E3 derives average cost and performance characteristics from the sites included in the RETI 
analysis, which provides site-specific cost information for sites within California.  Generic cost 
estimates for installations within California are shown in the table below.  All RETI resources, as 
well as the out-of-state hydro and geothermal resources, have site-specific data which is used 
when available.  The generic cost estimates shown in the table below are applied to all 
installations for which E3 does not have site-specific data.   
 
The qualifying capacity for wind is based on the 2009 Net Qualifying Capacity (NQC) values 
used by the California Independent System Operator (CAISO).  E3 assumes a qualifying 
capacity of 20% for wind installations in northern California and 30% for all other areas.  Solar 
PV capacity credit comes from NREL,18 assuming horizontal placement at 10% penetration for 
distributed PV.  The value for remote zones assumes two-axis tracking at 10% penetration, and 
as a result, has higher costs (including a cost penalty for transmission upgrades as discussed 
above) and a higher capacity factor. 
 
Table 7. Generic Resource Costs 

 
 
E3 also developed regional cost multipliers to reflect differences in the costs of labor and 
materials across states and provinces.  Cost multipliers were developed for both capital and 
operating and maintenance (O&M) costs, and are based on the State Adjustment factors 
developed by the U.S. Army Corps of Engineers.19  These multipliers were then applied to the 
generic cost estimates to provide state- and resource-specific cost estimates.  

                                                
18 Perez, et al., “Update: Effective Load-Carrying Capability of Photovoltaics in the United States,” 
http://www.nrel.gov/pv/pdfs/40068.pdf, p.5 
19 The state-by-state multipliers can be found in table A-3 of this document: http://140.194.76.129/publications/eng-
manuals/em1110-2-1304/entire.pdf 
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Table 8. Regional Cost Multipliers by Region and Resource Type 

 
 
E3 uses a similar method to estimate the performance characteristics of the technologies where 
site-specific data was unavailable.  Data from the RETI sites is rolled up into average 
performance metrics, which are applied to those resources for which site-specific data was 
unavailable.  For those resources that did not have site-specific capacity factor estimates, E3 
assigns a capacity factor based on the resource class. The capacity factor for each resource class 
(shown below) is based on the average capacity factor among sites in the RETI analysis in that 
class. 
 
Table 9. Wind Capacity Factors by Resource Class 

 
 

5. Natural Gas and CO2 Allowance Price Forecasts 
 
The natural gas fuel price forecast that E3 uses for the 33% RPS Implementation Analysis is 
based on the 2020 Henry Hub Natural Gas Price as traded on NYMEX, while the basis spread 
for delivery to California comes from the 2009 Market Price Referent (MPR). 
 
The CO2 Price forecast comes from the 2009 MPR Analysis, and is based on an analysis 
performed by Synapse Energy Economics, Inc.20 
 

                                                
20 The paper describing the Synapse analysis can be found here: http://www.synapse-
energy.com/Downloads/SynapsePaper.2008-07.0.2008-Carbon-Paper.A0020.pdf 
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Table 10. Natural Gas and CO2 Price Assumptions 

 
 

6. Financing Assumptions 
 
In order to allow technologies to compete on an even playing field, E3 assumes that all resources 
are developed by independent power producers (IPPs) using a 20-year financing life as described 
in Table 10 below.  E3 calculates the resulting 20-year levelized $/MWh power purchase 
agreement (PPA) price at a level that allows the IPP to achieve its target after-tax equity return.  
E3 assumes that each project is project financed.  The solar PV and solar thermal resources have 
additional equity in their capital structure because without it, the investment tax credit and 
accelerated tax depreciation result in insufficient operating cash flows to cover debt service in 
some years.21  The after-tax equity return for solar resources is lower due to the reduced debt 
share, which reduces the risk profile of the equity in that project, allowing IPPs to offer equity at 
a lower rate of return.  E3 calculates the debt-equity ratio and return on equity for solar resources 
such that the pre-tax weighted average cost of capital (WACC) remains roughly constant across 
resources.  The relevant financial assumptions for solar, non-solar, and transmission financing 
are shown in the table below. 
  

                                                
21 E3 assumed that IPPs would require a debt service coverage ratio of approximately 1.5. 
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Table 11. Financing Assumptions22 

 
 
E3 assumes that existing federal tax incentives will be in place in 2020.  Biomass, geothermal, 
and small hydro resources receive a production tax credit (PTC) of $0.01/kWh (in 2008 dollars), 
while biogas and wind resources receive a PTC of $0.02/kWh.  Solar PV and solar thermal 
resources receive an investment tax credit of 30%, though E3 assumes that only 95% of the 
capital cost will be eligible to receive that credit.  Black and Veatch ignored state tax incentives 
in developing their costs estimates. 
 
Property tax was included in the fixed O&M estimates for renewable resources in the Black and 
Veatch analysis. E3 included a 1% property tax for solar photovoltaic installations. 
 
E3 models geothermal, solar PV, solar thermal, and wind resources as eligible for the Modified 
Accelerated Cost Recovery System (MACRS) tax depreciation over a five year period.  This 
means that for tax purposes, their cost is depreciated over five years instead of the 20-year 
assumption used for the remaining resources. 
 

7. Calculation of RPS Need 
 
For California and each of out of state zone included in the analysis, E3 calculates an RPS Need 
that represents the amount of renewable energy,23 above existing levels, that each zone must 
procure to meet applicable standards.  E3 takes the requirements in each zone from existing 
legislation, aggregating requirements for zones that span multiple state jurisdictions.  For zones 
with a standard that goes into effect later than 2020, E3 estimates the need in 2020 based on a 
straight line interpolation between existing levels of renewables and targets in the binding years.  
For those zones that do not currently have a Renewable Portfolio Standard or similar legislative 
requirement, E3 assumes a minimum 5% requirement in 2020.  The BC Energy Plan calls for all 

                                                
22 Assumptions on the rates of return for equity and debt are taken from the “2008 Capitalization Rate Study” 
performed by the California State Board of Equalization, found at 
http://www.boe.ca.gov/proptaxes/pdf/2008capratestudy.pdf.  IOU financing parameters are taken from the GHG 
Model.  The Debt-to-Equity ratios were developed based on the GHG model, and adjusted to reflect the changing 
economic conditions.   
23 “Renewable energy” as defined here includes biogas, biomass, geothermal, small hydro (<30 MW), solar PV, 
solar thermal, and wind resources.   
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new electricity projects in British Columbia to have zero net greenhouse gas emissions.  To 
implement this, E3 removes all fossil fuel resources from the British Columbia zone supply 
curve, but allows BC to develop large hydro resources to meet load growth.  
 
E3 bases the projected California retail sales in 2020 on the growth rates from the 2007 Energy 
Commission load forecast,24 which does not include the water agencies (as they are not covered 
by the 33% RPS requirements).  E3 takes the existing generation claimed from renewables from 
the 2007 CEC Net System Power report.25  In 2007, California utilities claimed 27,063 GWh 
from renewables in the WECC, which E3 assumes will be available in 2020.  The table below 
shows the calculation through which the need for renewables was determined for three different 
load cases.  The load reductions in the “Low-Load Sensitivity” are based on the “Aggressive 
Policy” case in the GHG Model and the joint Energy Commission/CPUC Final Decision on 
Greenhouse Gas Regulatory Strategies.26 
 
Table 12. Calculation of RPS Need 

 
 
The RPS Need calculated by E3 for the 33% RPS Implementation Analysis differs from the 
comparable “Net Short Calculation” developed by Black and Veatch for the RETI Phase 1B 
report.27  E3 and Black and Veatch used different methods for calculating the RPS Need (Net 
Short amount), but the biggest difference is the amount of energy that each analysis assumes 
available from RPS resources in 2007.  The RETI Process assumed almost 13,000 GWh more 
from existing renewables, accounting for most of the difference between the two need 
calculations.  RETI also assumed 4,200 MW of solar PV resources would be installed by 2020 as 
part of the California Solar Initiative/Go Solar California program with a capacity factor of 20%, 
which reduces the retail sales by 7,358 GWh and the Net Short calculation by 2,428 GWh.   
 

                                                
24 California Energy Commission, “California Energy Demand 2008 – 2018 Staff Revised Forecast,” CEC-200-
2007-015-SF2, November 2007.   
25 California Energy Commission, “2007 Net System Power Report,” 
http://www.energy.ca.gov/2008publications/CEC-200-2008-002/CEC-200-2008-002.PDF, Table A-3. 
26 A more complete description of the E3 GHG “Aggressive Policy” case can be found at 
http://www.ethree.com/GHG/7%202020%20Base%20Case%20Input%20Summary%20v4.doc or in CPUC Decision 
08-10-037. 
27 The description of the calculation used in the RETI Phase 1B report can be found at 
http://www.energy.ca.gov/2008publications/RETI-1000-2008-003/RETI-1000-2008-003-F.PDF 
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Table 13.  Comparison of RPS Need Calculation from the 33% RPS Implementation Analysis 
and the Net Short Calculation from RETI 

 
 

8. Assumptions Regarding OTC Generation and Fossil 
Retirements 

 
The California State Water Board has determined that generators employing Once-Through 
Cooling28 (“OTC Generators”) need to be shut down or repowered as non-OTC generators to 
continue operating, to prevent further damage to marine life.  Since the rules were not yet 
developed when this analysis took place, E3 had to make judgments about the likelihood that a 
given OTC generator would be shut down, repowered, or allowed to continue operating. 
 
E3 uses a list of OTC generators available from the CAISO29 to determine which generators will 
be available in 2020, whether as a result of continued operation for reliability concerns or as a 
result of repowering.  These determinations are based on a review of the capacity factor of the 
plants, their age, and whether the units were necessary to maintain local reliability.  All units that 
were retired or repowered were assumed to do so between 2011 and 2019.  The table below lists 
the OTC generating units in California, the capacity retired at each plant, and whether any of that 
capacity was repowered as non-OTC generation. 
 

                                                
28 From the CPUC Report “Potential Impacts of the South Coast Air Quality Management District Air Credit 
Limitations and Once-Through Cooling Mitigation on Southern California’s Electricity System”: “Once-through 
cooling is a technology that uses seawater to cool and re-condense superheated steam after it has been 
used to generate power and has significant impacts on marine organisms and ocean habitat.” 
29 “Generating Units in CAISO Relying on Once-Through-Cooling,” available at 
http://www.caiso.com/208b/208b8b2f329d0.pdf 
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Table 14.  Treatment of OTC Generators 

 
 
 

9. Energy and Capacity Balancing 
 
Once the model selects a portfolio of renewable resources to meet the 33% RPS goal in 2020, it 
checks to ensure that there is sufficient energy and capacity in each of four time periods, low-
load and high-load hours in both the summer and winter.  The model first balances the energy in 
each time period by adding sufficient Combined Cycle Gas Turbines (CCGTs) to ensure the 
capability to meet energy demand in the time period during which there is the largest shortfall.  
CCGTs are assumed to operate at a 65% capacity factor. 
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Table 15. Sample Energy Balancing Calculation, 33% RPS Reference Case 

 
 
Once the model calculates the number of CCGTs required to meet energy needs, it checks to 
ensure that there is sufficient capacity to meet peak demand.  A capacity shortfall is remedied by 
the addition of Gas Combustion Turbines (CTs) sufficient to meet peak demand plus a 17% 
capacity reserve margin.   
 
Table 16. Sample Capacity Balancing Calculation, 33% RPS Reference Case 

 
 
 
The model requires the California system to be balanced in every year between 2008 and 2020, 
and assumes that once built, balancing resources are available (and incurring costs) for the 
lifetime of the analysis.   


